Summary. Eight red deer stags, 2 control, 3 control-immunized (i.e. a low titre of LHRH antibodies after active immunization 2 years earlier) and 3 superior cervical ganglionectomized, were given a s.c. implant of melatonin in May at the nadir of the sexual cycle; 5 other stags remained untreated. All the melatonin-treated animals shed the velvet-like skin from the antlers in June or July at least 1 month before the untreated controls, and had an early increase in blood plasma testosterone concentrations. The treated stags were also precocious in the development of rutting behaviour, although this inductive effect was blocked dramatically in the control\x=req-\ immunized stags after a booster immunization against LHRH ; these animals failed to show any further reproductive development and cast their antlers.
Introduction
The seasonal cycle of rutting behaviour and the growth and casting of the antlers in red deer (Cervus elaphus) is regulated by the seasonal cycle in the secretion of testosterone from the testes (Lincoln, Youngson & Short, 1970; Lincoln, 1971 ;  Lincoln, Guinness & Short, 1972) . This endocrine control results in stags being most sexually active and aggressive at the peak of the sexual cycle in October (the rut), with dead bony antlers which can function as weapons in inter-male rivalry. The seasonal change in daylength acts as the principal environmental cue which precisely times these seasonal events (Marshall, 1937; laczewski, 1954; Pollock, 1975) , and recent evidence from related deer species indicates that the response to daylength is dependent on a functionally active pineal gland (Plotka, Seal, Letellier, Verme & Ozaga, 1981; Bubenik, 1983; Lincoln, 1983 Lincoln, , 1984 . Detailed studies on sheep have shown that it is the daily pattern of melatonin secretion from the pineal that acts as the endocrine signal that relays the effects of photoperiod on reproduction and other seasonal characteristics (Rollag, O'Callaghan & Niswender, 1978; Lincoln & Almeida, 1981; Bittman, Dempsey & Karsch, 1983) . In the present study we The experimental group consisted of (i) 7 normal stags (controls), (ii) 3 normal stags with a low titre of LHRH antibodies (control-immunized) because they had been actively immunized with an LHRH conjugate in 1981 (Lincoln, Fraser & Fletcher, 1982) (Lincoln, 1984 (Lincoln & Almeida, 1981 ; G. A. Lincoln & F. J. P. Ebling, unpublished results). On 25 July, the 3 control-immunized stags were given a booster immunization with an LHRH-porcine thyroglobulin conjugate (Lincoln et al, 1982) and used to stimulate the production of LHRH antibodies to neutralize endogenous LHRH. During September, all the stags were given an i.v. injection of 25 pg ovine LH (NIH-LH-S19) to test the responsiveness of the testes, and blood samples were collected from the jugular vein at 30-min intervals for 2 h while the animals remained sedated with etorphine. All blood samples were placed on ice, and the plasma was separated and frozen at -20°C until required for the hormone and antibody titre measurements.
Assays. Testosterone concentrations in the blood plasma were determined by a specific radioimmunoassay (Corker & Davidson, 1978) which had a limit of detection of 01 ng/ml and an intra-assay coefficient of variation of 8-5%. The titres of LHRH antibodies were measured as described previously (Lincoln et al, 1982) and expressed as the dilution of plasma capable of binding 33% labelled LHRH.
Results
The effects on the reproductive cycle of implanting melatonin in early summer are summarized in Text- fig. 1 . The treatment caused precocious sexual development in all 8 animals. The velvet-like skin was shed from the antlers of the melatonin-treated stags prematurely in June or July, at least 1 month before shedding by the untreated controls; the antlers of these stags were also stunted and displayed incomplete development of the distal tines (Text- fig. 1 ; PI. 1, Figs 1-4). On 25/27 July, when the state of the antlers of the treated and untreated stags was markedly different, testosterone values were significantly higher (P < 0-01, Student's? test) in the treated (15-7 ± 3-4 ng/ml) than in the untreated (1 -8 + 0-7 ng/ml) stags. At this time, the other male secondary sexual characteristics, including swelling of the neck musculature, growth of the neck mane and development of the rutting odour in the urine, were all more advanced in the melatonin-treated stags ( Sept.
Text- fig. 1 castration response, and the stags developed a new set of antlers and showed no further development of the rutting characteristics (PI. 1, Fig. 4 ). Plasma concentrations of testosterone became very low in these animals and failed to respond to an i.v. injection of 25 pg ovine LH (Text- fig. 1 ). By late September, the blood levels of testosterone had declined in the melatonin-treated control and SCGX stags compared to the values in July, although high levels were obtained after injection of LH (Text- fig. 1 ). By this stage, the testosterone concentrations in the untreated controls were very high, and these animals had begun to develop rutting behaviour at the expected time. The rutting phase for the melatonin-treated animals (excluding the immunized group) ended in early October, at least 6 weeks earlier than normal, by which time they appeared to have lost weight typical of a stag following the rut. In contrast, the control-immunized stags which had not rutted in response to the melatonin were in good body condition.
Discussion
These results illustrate that melatonin given as a subcutaneous implant in early summer, at the nadir of the sexual cycle, will stimulate the early onset of the mating season. The inductive effect occurred in ganglionectomized stags indicating that it does not depend on a functional pineal gland. In the treated stags, the hypothalamic-pituitary-testis axis appeared to be switched 'on' prematurely, and the resulting increase in testosterone secretion dictated the changes in the antlers, male body characteristics and behaviour. The drive to the reproductive system was dependent on LHRH secretion (presumably from the hypothalamus) since the inductive effects of melatonin were totally blocked by active immunization against LHRH.
Oral treatment of male white-tailed deer with melatonin, given daily in the afternoon during the early summer, induced early testicular development and rutting behaviour (Bubenik, 1983) . Similar treatment in female sheep also led to the early onset of the breeding season (Kennaway, Gilmore & Seamark, 1982a; Nett & Niswender, 1982; Arendt, Symons, Laud & Pryde, 1983) . These daily Fig. 1 Kennaway, Dunstan & Gilmore (1983) have shown that a melatonin implant given to ewes during anoestrus will suppress prolactin secrection similar to that induced by exposure to short-days, but failed to observe an effect on the onset of the breeding season. Although induction of testicular activity occurred when the stags were treated with melatonin in May under long days, the animals showed a premature end to the breeding season, an apparent refractoriness to the stimulatory effects of constant melatonin.
In conclusion, it is evident that a melatonin implant is an effective way to induce early breeding in red deer and other short-day species and this could be used as a convenient method to manipulate the breeding season on the farm.
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